The taxonomic problem of coagulase-positive staphylococci of various origins is confronted in the present investigation by means of the bacteriolytic activity pattern analysis. A total of 103 strains isolated from various animal sources have been examined using the same assay system which in previous studies had been employed with staphylococci of human origin and had permitted their subdivision into six lyogroups. Two groups ( a and b) of coagulase-positive staphylococci have been recognized by this method. Group a is shown to overlap exactly with the species Staphylococcus aureus, whereas group b overlaps with the recently described species Staphylococcus intermedius. The results obtained are discussed, as related both to most recent data dealing with the taxonomy of coagulasepositive staphylococci and to previous findings on bacteriolytic activity patterns of staphylococci of human origin.
It has been shown recently that coagulasenegative as well as coagulase-positive staphylococci excrete an easily detectable bacteriolytic activity (7) . Properties of such activities have been shown to differ in various strains. Based on the analysis of these differences by a particular assay system, staphylococci of human origin have been subdivided into six different groups (lyogroups) (11) . The strains included in each lyogroup were found to share the major biochemical and metabolic properties. In particular, a significant overlapping of the staphylococcal lyogroups with the staphylococcal species identified according to Schleifer and Kloos (5, 8) has been demonstrated (10) . This analysis also brought to light the important finding that strains producing different lytic enzymes generally belong to species with a different chemical cell wall composition. Based on this fact, it has been suggested that association between a specific cell wall chemical composition and a specific lytic enzyme can be the biochemical basis for events of primary importance in cell physiology, such as cell wall growth, cell septation, or cell division. Therefore, the analysis of the bacteriolytic activity pattern has been proposed as a new and valuable taxonomic method, suggesting extensive applications.
In the above-mentioned studies, coagulasepositive strains were all found to fall into one lyogroup, i.e., lyogroup 1 (10). This finding was consistent with the known physiological and taxonomic homogeneity of coagulase-positive staphylococci of human origin (1). Significant differences, on the contrary, have been reported to occur among coagulase-positive staphylococci of animal origin, depending on the animal source of the strains (1, 3, 4) . Therefore the problem is to establish whether such differences are either expression of host-dependent minor variations or are major differential characteristics among different species of coagulase-positive staphylococci. Coagulase-positive staphylococci have already been subdivided into six biotypes (A to F) (3) . Recently, the traditional species Stuphylococcus aureus, previously thought to coincide with coagulase-positive staphylococci, has been limited to biotypes A to D, whereas biotypes E and F have been included into a new species named Staphylococcus intermedius (2) .
In the present study, the bacteriolytic activity pattern analysis is used as a new way of approaching the taxonomic problem of coagulasepositive staphylococci of various origins. Two groups of coagulase-positive staphylococci have been recognized by this method; they are shown to overlap with S. aureus and S. intermedius, respectively.
MATERIALS AND METHODS
Bacterial strains. A total of 103 coagulase-positive staphylococci have been investigated. These strains have been obtained from various animal sources, using sheep or horse blood agar (blood agar base no. 2, Oxoid) and staphylococcus medium no. 110 (Oxoid) as isolating media. All strains had been analyzed previously for their physiological characteristics. The strains, their sources, classification, and the relative references are listed in Table 1 .
Determination of the bacteriolytic activity pattern. The bacteriolytic activity pattern has been determined using the same assay system, composed of eight testing media, which in a previous study had allowed subdivision of human staphylococci into six lyogroups (11). Preparation of the bacteriolytic activity substrates, preparation and inoculation of the media, and evaluation of the bacteriolytic activity were carried out by the procedures described (11). Bacteriolytic activity pattern analysis of the strains studied was performed without knowing strain origin and identification.
RESULTS
The bacteriolytic activity of the 103 strains studied was examined on the eight media of the assay system. The different patterns obtained and the number of strains exhibiting the same pattern are presented in Table 2 . Based on pattern analysis and comparison, the strains tested could be subdivided into two different groups, designated a and b. Within group a, two subgroups (a1 and a2) were further recognized.
Group a Fifty-three strains were included in group a (41 in subgroup a1 and 12 in subgroup a2). These strains showed a moderate to fairly large zone of transparency on TP2 medium with a rather indistinct outline. The zone of transparency on TPBP was absent or strongly decreased (subgroup al) or identical (subgroup a2) as compared with that on TP2: this was the essential difference between the two subgroups. A very large zone of transparency was exhibited on TP1, generally with a sharp outline. A moderate activity was shown on TO; a large and well defined zone of transparency occurred on T1; no or very modest activity was found on T3. A well-defined zone of transparency appeared on B15TP1, whereas there was no activity on a61TP2.
Group a included all the strains previously identified as S. aureus on the basis of other physiological characteristics (see Table 1 ) and none of the other strains tested. The bacteriolytic activity patterns of subgroup a1 strains could not be differentiated from those of lyogroup 1 strains (11) which, within isolates from humans, proved to perfectly overlap with S. aurezu (10) . Therefore a precise overlap between group a and the species S. aureus can be stated.
The strains and the lytic activity type pattern of group a are shown in Table 3 .
Group b. Fifty strains were included in group b. These strains produced a moderate zone of transparency on both TP2 and TP2P. Some, however, showed a slight activity decrease on the latter medium in comparison with the former. All strains showed a larger zone of transparency on TP1. Most strains exhibited a mod- L95, L99, L107, L108  P5, P11, P12, P16, P55, P59,  P67, P71, P75, P76  H2, H4, H11, H13, H14, H17,  H20, H27, H30, H55  G1, G3, G5, G7, G8, G26,  G29, The bacteriolytic activity patterns of these strains were, on the whole, very similar to those of human strains bcluded in lyogroup 2 (11) . Group b included all the strains previously identified as S. intermedius on the basis of other physiological characteristics (see Table 1 ) and none of the other strains tested. Therefore a precise overlap between group b and the species S. intermedius can be stated.
The strains and the bacteriolytic activity type pattern of group b are shown in Table 3 .
DISCUSSION
The present study, as compared with previous findings on bacteriolytic activity patterns of
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staphylococci of human origin (10, ll) , shows that coagulase-positive staphylococci do not represent a homogeneous group of strains, when isolates from various animal sources other than humans are also considered. Two different type patterns of bacteriolytic activity have in fact been recognized, and two respective groups of coagulase-positive staphylococci ( a and b) have been identified.
A perfect overlap between group a and the species S. aureus has been demonstrated, as well as between group b and the species S. intermedius. This fact significantly confirms the separation of S. intermedius from S. aureus (2) , and also enhances the value of bacteriolytic activity pattern analysis in species separation.
The subdivision of group a into the two subgroups a1 and a2-essentially based on the occurrence of a lytic activity decrease on TP2P with respect to TP2-probably has minor relevance to bacteriolytic activity. In fact TP2P is a phenolphthalein &phosphate-containing medium, and we have already observed inhibition of bacteriolytic enzymes owing to phosphatase activity in phenolphthalein diphosphate-containing media (10, 11) . Therefore the difference between subgroups a1 and a2 seems more likely to be linked to quantitative and/or qualitative differences in phosphatase production (6; Grazi et al., manuscript in preparation).
The similarity in bacteriolytic activity pattern between group b and lyogroup 2-the former corresponding to S. intermedius and the latter previously proven to overlap with Moos and Schleifer's S. simulans (10) -suggests close physiological and taxonomic relations between these two groups of strains. Both have similarities to S. aureus and share several of its specific properties; both however, lack some of the most common characteristics of S. aureus and most other staphylococci: acetoin and pigment are not produced, and in peptone-containing media acid production from maltose is not detected (2, 5, 10) . Moreover, differences in the reported cell wall compositions of S. simulans ( 5 ) and S. intermedius (9) do not seem particularly sharp, when considering certain source-dependent variations in the serine content of S. intermedius peptidoglycan (9) . Both group b (or S. intermedius ) in animals and lyogroup 2 (or S. simulans) in humans seem to occupy an intermediate PO- sition between S. aureus and $. epidermidis. Phylogenetic and ecological relations between these two groups of strains seem worthy of further investigation.
